Using electric vehicles as transmission system operator reserve providing units has been demonstrated as being both a feasible and a profitable solution. However, the surveys leading to these conclusions are always conducted either without considering the transmission system operator market rules, or using the existing ones from the local system operator. Nevertheless, such rules have potentially a great impact on the electric vehicles' expected revenues, and they are likely to change within the next few years. This paper aims to assess how these rules impact the ability for electric vehicles to provide power reserves and on their expected remuneration for doing so. First, a list of the most important market rules for this use case is drawn up. Then, a simulation model is developed in order to evaluate the expected revenues for the electric vehicles. Finally, these expected revenues are computed considering various combinations of rules. A loss of revenue for electric vehicles is identified, due to the use of non-optimal rules governing grid services remuneration. Considering the French case, according to the simulation results, this financial shortfall per vehicle and per year ranges from 193e to 593e. Market design recommendations for reserve markets are deduced from these results.
Introduction 1
In order to cope with the objectives of reductions in CO2 emissions in both EVs [14] . Similar conclusions are found at the system-wide scale [15] . However, 51 in order to achieve this potential future, integrated grids require adapted technical 52 and regulatory structures that are not complete yet. Electricity grids, and hence More specifically, the authors assess the economic impacts of the implemented 59 market rules and regulations on the expected revenues of a fleet of GIVs providing 60 frequency regulation. In order to do so, the existing frequency regulation rules from 61 six TSOs are reviewed and a 'best combination' of existing rules with respect to 62 this solution studied is presented. Then, a simulation model which was developed 63 in a previous work is implemented [16] . This model is applied for two different 64 sets of market rules; the first one represents the current French rules, while the 65 second one is the aforementioned 'best combination'. The simulation results are 66 used to infer frequency control market design recommendations.
67
In this paper, the authors work from the perspective of EV car owners; the 68 expected revenues are entirely intended for them. The aggregator is assumed to be a 69 benevolent third party; obviously, in real life, the aggregator should earn something 70 out of these revenues, but addressing business models is beyond the scope of this 71 paper.
72
The paper is organized as follows. Section 2 presents the survey of the TSO 73 rules. In section 3, the simulation model is recalled and the data used are described. The provision of grid services by GIVs is a mean to lower the total cost of 155 ownership (TCO) of EVs. Indeed, the GIV fleet will earn revenues from its partic-156 ipation in the frequency control market. As a consequence, the payment scheme of 157 these grid services is of paramount importance. GIVs should be remunerated in a 158 fair manner, and from an economic perspective, this remuneration should at least 159 cover the induced costs. Such costs include battery degradation and hardware and 160 software investments. They are beyond the scope of this paper.
161
4 Registering EVSE rather than GIV may settle the issue of locational shift, but EVSE would still be spread across various DSOs. 
209
GIV are able to adjust their power very quickly [46] . As a consequence, GIV 210 fleets achieve better earnings if such financial bonus is implemented by the TSO.
211
Another option would be to consider fast and slow ramping bids as two separate 212 products. A market dedicated to the trading of fast ramping bids only would be 213 created, with its own remuneration scheme which would be more adapted to fast 214 ramping units.
215
Finally, most of today's electrical grids are highly interconnected, and thus 216 may not feel an urgent need for fast-ramping products. Rather, in a first time, such 217 products may be of particular interest in case of extreme disturbances on the grid.
218
Then, as unpredictable and intermittent renewable sources' penetration increases, 219 more and more flexibility means will be required to balance production and de- 
231
To go one step further, the financial shortfall for GIVs when a 'bad' combi-232 nation of rules is implemented should be evaluated and quantified, in comparison 233 with the 'best combination' for GIVs. In order to do so, a simulation model which 234 will enable to assess the expected GIV revenues needs to be developed. The TSO manuals were analyzed during the years 2013-2014. Some of the rules may have changed since then; however, the overall rationale of this analysis and how it is used to compare various TSO regulatory frameworks remains valid. 9 projects proved GIV fleets capable of providing primary control from a technical for this service, which is also very interesting for a GIV fleet. three control levels, which aim to balance production and demand in real time.
261
The first level is called primary frequency control. Its objective is to end the 
277
The two data sets turn out to have very similar characteristics. In particular, the 278 frequency is contained in the interval [49.95Hz ; 50.05Hz] 97% of the time; within 279 this interval, primary reserve units should provide less than 25% of their reserve.
280
The main limitation of the frequency recording is that it only covers one month 
Criteria
Author data set RTE data set Difference (%) 
293
GIV have the opportunity to charge during the night, with their primary EVSE,
294
or at work during the day with their secondary EVSE. As the availability of charg-
295
ing stations at workplaces in the future is very uncertain, four scenarios are built,
296
which are detailed in Table 5 . home and work places are summarized in Table 6 .
297

299
The GIV trip characteristics are based on several references: internal PSA 
with f the grid frequency, f 0 = 50Hz, f max = 50.2Hz, P bid the power 339 bid in the market, and P reg the power actually provided for frequency con-
340
trol. This equation reflects the required response of primary reserve units to 341 frequency deviations [57] . 3. The aggregator computes a scaling factor µ = P reg /P bid . ing rate around which the GIV will provide frequency control. 
Results and Discussions
365
In this section, the results from simulations based on the model described in 
396
A simplistic view of these two combinations of rules is presented in Table 8 . In order to anticipate future changes in the rules in Europe, the ENTSO-E net-
397
424
work codes (which are still at the draft step) are screened [59, 60, 61, 62, 63] . These Table 11 . 
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